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SPECIFICATION 
SEBUM PRODUCTION INHIBITORS 
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Yamamoto Ayako: "Guidelines for Current Therapy, 1994 
(Volume 36)", p. 632, Igaku-Shoin, Tokyo (1994)). Thus, 
common remedies for acne are external preparations 
containing sebum production inhibitors, keratolytic agents, 
antibacterials , lipase inhibitors and the like depending on 
the causative factor. However, acne remedies containing 
existing active ingredients have various disadvantages. 
For example, female hormones having a sebum production 
inhibitory effect inhibit epidermal growth to decrease 
sebum production, but hormone preparations induce 
undesirable side effects. Sulfur compounds such as sulfur 
and selenium disulfide representative of keratolytic agents 
do not show the hormone-like side effects, but often 
stimulate or dehydrate the skin during chronic use. 
Antibacterials such as hexachlorophenone , 

trichlorocarbanide and benzalkonium chloride show very high 
in vitro antimicrobial activity against the normal skin 
commensal, Propionibacterlum acnes, but often show 
disappointing effects when they are actually used to treat 
acne in creams or ointments. Lipase inhibitors such as 
Ibuprof enpiconol or plant extracts such as peony or coptis 
root are not sufficiently effective for treating acne when 
they are formulated alone into creams or ointments . 

A typical seborrheic disease in the scalp is 
increased dandruff. Excessive sebum is also considered to 
cause alopecia (Harada Shotaro: "Guidelines for Current 
Therapy, 1994 (Volume 36)", p. 633, Igaku-Shoin, Tokyo 
(1994); Watanabe Yasushi et al.: "Health Science, Diagnosis 
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basis of the finding that compounds of general formula (1) 
or pharmacologically acceptable salts thereof have an 
excellent sebum production inhibitory effect. 

Accordingly, the present invention provides sebum 
production inhibitors containing as an active ingredient a 
compound of general formula (1) having a glucuronic acid 
derivative and a glucosamine derivative in the structure or 
a pharmacologically acceptable salt thereof. 

Sebum production inhibitors of the present invention 
are useful as therapeutic or prophylactic agents for 
diseases caused by excessive sebum production. They are 
also useful as cosmetics for solving cosmetic problems 
caused by excessive sebum production. They are also useful 
as deodorants for the body odor associated with aging. 
THE MOST PREFERRED E MBODIMENTS O F T HE I NVE N T ION 

Compounds used in sebum production inhibitors of the 
present invention are compounds of general formula ( 1 ) 
below having a glucuronic acid derivative and a glucosamine 
derivative in the structure or pharmacologically acceptable 
salts thereof. 
Formula ( 1 ) 




where 



R 1 denotes a protective group or any of formulae (2) 
to (5) below where R 10 denotes a hydrogen atom, a protective 
group or any of formulae (6) to (8) below, and R 11 denotes a 
hydrogen atom or a protective group, provided that when R 10 
5 and R 11 are a hydrogen atom or a protective group, R 1 may be 
attached at the trans- or cis-position with respect to 
COOR 4 , 

Formula ( 2 ) 

-OR 10 
Formula ( 3 ) 

-NHR 11 , 
Formula ( 4 ) 

-CH^jR 11 , 
Formula ( 5 ) 

-SR 11 , 
Formula ( 6 ) 



Formula ( 7 ) 



CH 2 0R 1S 
J 0 



R 13 



R"»0 
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Formula ( 8 ) 




CH 2 OR 2fl 



COOR 25 
) — OR 24 

OR2 3yCH 2 OR 21 



R 27 0 



R 26 



OR 22 



or when R is any of formulae ( 6 ) to ( 8 ) , R 12 to R 28 except 
R 13 , R 17 and R 26 in formulae (6) to (8) are the same or 
different and denote a hydrogen atom or a protective group, 
and R 13 , R 17 and R 26 denote an azido group or formula (9) 
below 

Formula ( 9 ) 

-NR 29 R 30 

where R 29 and R 30 are the same or different and denote 
a hydrogen atom or a protective group, 

R 2 to R 8 are the same or different and denote a 
hydrogen atom or a protective group, 

R 9 denotes a hydrogen atom, a protective group or 
formula (10) or (11) below 
Formula (10) 



COOR 34 




OR 31 



Formula (11) 



COOR 37 



where R» to R» are the same or different and denote 
a hydrogen atom or a proteotive group, and 

n denotes an integer of 0 to 25. provided that when 
„ is o. R 1 is a gronp of formula (2). »» is a group of 

1-vmt in formulae (1). (6) to (8), 
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Th at is. compounds of formula (1) contained as 
active ingredients in sebum production inhibitors of the 
mvention have a structure comprising a p-glucosamine 
25 privative of formula ,12, below and a p-gluouronic 
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Formula (12) 



R 42 0 




OR 



N R 39 R 40 



38 



where R 38 to R 43 denote a hydrogen atom or a 
protective group. 
Formula ( 13 ) 



R 47 0 




R 44 



OR 45 



where R 44 denotes a hydroxyl group or a protective 
group, and R 45 to R 48 denote a hydrogen atom or a protective 
group . 

In formula (1), n denotes an integer of 0 to 25, 
provided that when n is 0, R 1 is a group of formula (8) and 
R 9 is a group of formula (10) or (11). That is, compounds 
of formula (1) are represented by formula (14) or (15) 
below. 

Formula (14) 



COOR 34 CHtOR" 



R 33 0 





R 27 0 

OR 31 R26 



0R ; 



Formula (15) 



C OOR 37 



CH 2 OR 28 



C 0 0 R 25 
) OR 24 

OR23/CH 2 OR 21 




R 27 0 



0 




R 35 



R 26 



OR 22 



As used herein, the protective group includes 



various protective groups shown in Theodra W. Green: 
"Productive Groups in Organic Synthesis"; 2nd Ed.; 1991. 



above include optionally substituted straight or branched 
alkyls having 1 to 8 carbon atoms such as methyl, ethyl, 
propyl, isopropyl, butyl, tertiary butyl, pentyl, octyl, 
methoxymethyl , tertiary butylthiomethyl , 1 - ethoxye thyl , 
siloxymethyl or 2-methoxyethoxymethyl; optionally 
substituted straight or branched alkenyls having 2 to 8 
carbon atoms such as ethenyl, 1-propenyl, 2-propenyl, 
butenyl or octenyl; optionally substituted straight or 
branched acyls having 1 to 8 carbon atoms such as formyl, 
acetyl, propionyl, butyryl, valeryl or pivaloyl, or 
haloacyls including chloroacetyl, dichloroacetyl, 
trichloroacetyl and trif luoroacetyl; optionally substituted 
aromatic acyls such as benzoyl or parachlorobenzoyl; 
optionally substituted aromatic alkyls such as optionally 
substituted benzyl (e.g., 4-methoxybenzyl) , optionally 
substituted diphenylmethyl or optionally substituted 
triphenylmethyl . As for the protective groups shown in 
formulae (1) to (11), any two protective groups of R 2 to R 37 



The protective groups shown in formulae (1) to (11) 



except R , R and R may be combined to form a protective 
group, i.e., suitable protective groups further include 
optionally substituted alkylidenes having 3 to 8 carbon 
atoms such as propylidene, butylidene or octylidene; 
optionally substituted cyclic alkylidenes having 3 to 8 
carbon atoms such as cyclopentylidene, cyclohexylidene or 
cycloheptylidene; and optionally substituted benzylidene or 
optionally substituted phthaloyl. Preferred protective 
groups for hydroxyl group include optionally substituted 
straight or branched acyls having 1 to 8 carbon atoms , 
optionally substituted aromatic alkyls , optionally 
substituted straight or branched alkenyls having 2 or more 
carbon atoms, or optionally substituted benzylidene, more 
preferably acetyl, benzyl, 1-propenyl or benzylidene. 
Preferred protective groups for amino group include 
optionally substituted straight or branched acyls having 1 
to 8 carbon atoms or optionally substituted phthaloyl, more 
preferably acetyl or phthaloyl. Preferred protective 
groups for carboxyl group include optionally substituted 
straight or branched alkyls having 1 to 8 carbon atoms or 
optionally substituted aromatic alkyls, more preferably 
methoxyl, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
pentyl, isopentyl or diphenylmethyl . The protective groups 
mentioned above may be the same or different in the same 
compound, and can be selected arbitrarily. 

In formula (1), n is an integer of 0 to 25, 
preferably 0 to 10, more preferably 0 to 5 , most preferably 
2 to 4. 
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R 9 may be as defined above, and is preferably 
represented by formula (11). That is, compounds of formula 
(1) are preferably represented by formula (16) below. 
Formula (16) 




More preferably, R 1 in formula (11) is represented 
by any of formulae ( 6 ) to ( 8 ) , i.e., compounds are 
represented by any of formulae (17) to (19) below. 
Formula (17) 




Formula (18) 




Formula (19) 




Most preferably, R 13 , R 17 and R 26 in formulae (17) to 
(19) above are represented by formula (9) above. 

As used herein, the pharmacologically acceptable 
5 salt refers to a salt that has no adverse influence in vivo 
when a compound of the invention is administered in a 
therapeutically or prophylactically necessary amount, or a 
salt that does not lose pharmacologically effective 
properties of a compound of the invention. Specific 

10 examples are salts of alkali or alkali earth metals such as 
sodium salts, potassium salts or calcium salts; 
hydrohalogenic acid salts such as hydrof luorides , 
hydrochlorides, hydrobromides and hydroiodides ; lower 
alkylsulf onates such as methanesulf onates , 

15 trif luoromethanesulf onates and ethanesulf onates ; 
arylsulf onates such as benzenesulf onates and p- 
toluenesulf onates; organic acid salts such as f umarates , 
succinates, citrates, tartrates, oxalates and maleates; and 
amino acid salts such as glutamates and aspartates. 

20 Compounds of the invention and their salts also include 

solvates with various pharmacologically acceptable solvents 
such as water, organic solvents and buffers, or polymorphic 
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forms . 

Compounds of formula (1) may have an asymmetric 
carbon atom, depending on the type of the substituent, 
and may exist as optical isomers based on the presence of 
the asymmetric center. Thus, compounds of the present 
invention include all of individual isomers and their 
mixtures . For example , mixtures of an optical isomer and 
its enantiomer, especially racemic modifications consisting 
of a mixture of equal amounts of D and L isomers, or 
mixtures of an optical isomer and its diastereomer are 
included. 

[Methods for producing compounds of formula (1)] 

Needless to say, various methods are available for 
obtaining compounds used in sebum production inhibitors of 
the invention. Examples of such methods are organic 
chemical methods, namely methods of synthesizing or 
modifying intermediates or desired compounds by organic 
chemical techniques using glucuronic acid derivatives and 
glucosamine derivatives as starting materials, or methods 
of obtaining intermediates or desired compounds by 
decomposing polysaccharides with acids or alkalis; 
biochemical methods, namely methods of synthesizing or 
modifying intermediates or desired compounds by utilizing 
reverse reactions of transferases or depolymerization 
enzymes with the use of glucuronic acid and N- 
acetylglucosamine as starting materials, or methods of 
obtaining intermediates or desired compounds by 
depolymerizating polysaccharides with enzymes; and genetic 
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engineering methods, namely methods of obtaining starting 
materials, intermediates or desired compounds, or enzymes 
for use in synthesis or modification, by introduction of 
genes for enzymes into microorganisms or cells . These 
methods are used alone or in combination. 

Preferred processes for preparing compounds of 
formula (1) are described in detail in Japanese Patent 
Application No. 120425/1998 (JPA No. 310588/1999) mentioned 
above . 

[Sebum production inhibitors of the present invention and 
administration modes, doses and dosage forms thereof] 

Sebum production inhibitors of the present invention 
contain as an active ingredient at least one of compounds of 
formula (1) or pharmacologically acceptable salts thereof. 

When sebum production inhibitors of the present 
invention are used as medicines or cosmetics, they are 
normally administered systemically or locally, orally or 
parenterally . The dose is not specifically limited but 
should be optimally determined on the basis of overall 
judgment depending on various factors such as the type of 
the disease, the severity of the condition, the age and body 
weight of the subject to be treated. However, the daily 
dose is normally 0.01 to 100 mg/kg orally or 0.001 to 10 
mg/kg parenterally per adult. The dose is administered once 
daily or divided into subdoses depending on the purpose. 

Compounds of the present invention may be 
administered orally in the form of solid compositions, 
liquid compositions and other compositions or parenterally 
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In the form of injections, external preparations and 
suppositories, and an optimal administration mode is 
selected depending on the purpose. Pharmaceutical 
compositions containing as an active ingredient at least 
one of compounds of the present invention and 
pharmacologically acceptable salts thereof can be prepared 
by using carriers, excipients and other additives used for 
ordinary formulation. Suitable carriers and excipients for 
formulation include, for example, lactose, magnesium 
stearate, starch, talc, gelatin, agar, pectin, acacia, 
olive oil, sesame oil, cacao butter, ethylene glycol and 
other common additives. 

Suitable solid compositions for oral administration 
include tablets, pills, capsules, powders and granules. In 
such solid compositions, at least one active substance 
(active ingredient) is mixed with at least one inert 
diluent, such as lactose, mannitol, glucose, 

hydroxypropylcellulose , microcrystalline cellulose , starch , 
polyvinylpyrrolidone, or magnesium aluminometasilicate . 
The compositions may conventionally contain additives other 
than inert diluents, for example, lubricants such as 
magnesium stearate, disintegrants such as calcium 
carboxymethylcellulose, and solubilizers such as glutamic 
acid or aspartic acid. Tablets or pills may, if desired, 
be coated with a sugar coating or a gastric or enteric film 
comprising sucrose, gelatin, hydroxypropyl methylcellulose 
phthalate or the like or may be coated with two or more 
layers. Capsules of an absorbable material such as gelatin 
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are also included. 

Liquid compositions for oral administration include 
pharmaceutically acceptable emulsions, solutions, 
suspensions, syrups and elixirs, and may contain ordinary 
inert diluents, such as purified water and ethanol. In 
addition to inert diluents, these compositions may contain 
adjuvants such as wetting agents or suspending agents, 
sweetening agents, flavoring agents, aromatics and 
preservatives . 

Injections for parenteral administration include 
sterile aqueous or nonaqueous solutions, suspensions and 
emulsions. Aqueous solutions and suspensions contain water 
for injection and physiological saline for injection, for 
example. Nonaqueous solutions and suspensions contain 
propylene glycol, polyethylene glycol, vegetable oils such 
as olive oil, alcohols such as ethanol, and POLYSORBATE 80 
(registered trademark) . These compositions may further 
contain adjuvants, such as preservatives, wetting agents, 
emulsifying agents, dispersing agents, stabilizers (e.g., 
lactose), and solubilizers (e.g., glutamic acid and 
aspartic acid) . These can be sterilized by ordinary 
sterilizing methods, such as mechanical sterilization with 
a microf iltration membrane, heat sterilization such as 
autoclaving or inclusion of a bactericide. It is also 
possible to prepare a sterile solid composition and 
dissolve it in sterile water or a sterile solvent for 
injection before use. 

Pharmaceutical compositions for parenteral 
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administration or cosmetics include liquid preparations for 
external use, ointments, liniments, suppositories, 
transdermal preparations and ophthalmic solutions 
containing at least one of compounds of the present 
invention as an active ingredient. They can also be used 
in the form of oil-absorbing sheets or films. Formulations 
and preparation processes of various forms of cosmetics are 
described in known documents such as "Modern Cosmetic 
Science" (edited by Cosmetic Science Institute, Yakuji 
Nippo, 1980). 

[Sebum synthesis inhibitory effect of compounds of formula 
(1)1 

Compounds of the present invention (Compound Nos . 1- 
10) were evaluated for sebum production inhibitory effect 
on hamster auricular skin tissue sections containing 
sebaceous glands. As a result, the compounds of the 
present invention showed an excellent sebum production 
inhibitory effect . 
INDUSTRIAL APPLICABILITY 

Compounds of formula (1) and pharmacologically 
acceptable salts thereof have an excellent sebum synthesis 
inhibitory effect so that they are useful as therapeutic 
and prophylactic agents based on such an effect. 
Specifically, they are useful as therapeutic and 
prophylactic agents for acne, dandruff, alopecia, etc. 

They are also useful as ingredients of cosmetics. 
Specifically, they are useful as cosmetics for preventing 
rough skin, shiny skin, greasy skin or hair, the body odor 
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associated with aging, etc. 
Examples 

The following examples further illustrate the 
present invention by way of Compound Production Examples, 
Test Examples for Sebum Production Inhibitory Effect, and 
Preparation Examples of Formulations and Cosmetics. As a 
matter of course, the invention is not limited to the 
materials and formulations described in the following 
examples, but includes all the materials and formulations 
included in the scope of claims . 
Example 1 : Compound Production Example 1 

Production of 4 - deoxy- a- L- threo-hexa-4 - 
enepyranuronosyl- ( 1— *3 ) -O- 2 -acetamide- 2 -deoxy-p-D- 
glucopyranosyl- ( 1— »4 ) -3-O-fJ-D-glucopyranuronosyl- ( 1— >3 ) -0-2 
ace t amide - 2 - deoxy - P - D - glucopyr ano s e [ AHexA p 1 — > 3 GlcNAc 
01->4GlcA f}l->3GlcNAc (Compound Example 1)], 4 -deoxy- a- L- 
threo-hexa-4 -enepyranuronosyl - ( l-»3) -0-2 -acetamide- 2 -deoxy - 
P~D- glucopyr ano syl- ( 1— *4 ) -3-O-p-D-glucopyranuronosyl- ( 1— >3 ) 
0-2-acetamide-2-deoxy-P-D-glucopyranosyl- ( 1— »4-) -3-O-p-D- 
glucopyranuronosyl- ( l-*3 ) - O - 2 - ace t amide - 2 - deoxy - p - D - 
glucopyranose [AHexA pi->3GlcNAc pl->4GlcA pl->3GlcNAc 
pl->4GlcA pi->3GlcNAc (Compound Example 2)], 4-deoxy-a-L- 
threo - hexa - 4 - enepyranuronosyl - ( 1— >3 ) -O- 2 -ace t amide - 2 -deoxy - 
p-D-glucopyranosyl- ( 1^4 ) -3-O-p-D-glucopyranuronosyl- ( 1-^3 ) 
0-2-acetamide-2-deoxy-p-D-glucopyranosyl- ( l-*4 ) -3-O-p-D- 
glucopyranuronosyl- ( 1— >3 ) -O- 2 -acetamide- 2 -deoxy- p-D- 
glucopyranosyl- ( l->4 ) -3-O-p-D-glucopyranuronosyl- ( l->3 ) -0-2 
acetamide - 2 - deoxy- p -D- glucopyranose [ AHexA P l-*3GlcNAc 
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|3l-*4GlcA pl->3GlcNAc pl-*4GlcA pi-*3GlcNAc pl->4GlcA 
pl-»3GlcNAc (Compound Example 3)], and 4-deoxy-a-L-threo- 
hexa - 4 - enepyranuronosyl- ( 1— *3 ) -O- 2-acetamide- 2-deoxy-p-D- 
glucopyranosyl- ( l-*4) -3-O-p-D-glucopyranuronosyl- ( l-»3) -0-2- 
acetamide-2-deoxy-p-D-glucopyranosyl- ( 1— »4 ) -3-0-p-D- 
glucopyranuronosyl- ( l-*3 ) - O - 2 - ace t amide - 2 - deoxy - (3 - D - 
glucopyranosyl- ( 1— *4 ) -3-O-p-D-glucopyranuronosyl- ( 1— »3 ) -0-2- 
acetamide-2-deoxy-p-D-glucopyranosyl- ( 1— *4 ) -3-O-p-D- 
glucopyranuronosyl- ( 1— »3 ) -0-2-acetamide-2-deoxy-p-D- 
glucopyranose [AHexA pi-»3GlcNAc 01^4GlcA pl->3GlcNAc 
pi->4GlcA pi^>3GlcNAc pi-*4GlcA pi->3GlcNAc pl-*4GlcA 
pi->3GlcNAc (Compound Example 4)] 

A solution of 30 g of sodium hyaluronate (a product 
of KIBUN FOOD CHEMIFA; trade name "Hyaluronic acid FCH" ) 
dissolved in 3L of distilled water was heated to 40°C. The 
solution was adjusted to pH 6.0 with 0.1 M aqueous sodium 
hydroxide solution, and then a hyaluronidase derived from 
Streptomyces hyalurolyticus (a product of Amano 
Pharmaceutical; trade name "Hyaluronidase "Amano"") was 
added to decrease 0.5 turbidity units per mg of sodium 
hyaluronate, and the mixed solution was reacted for 100 
hours at 40°C. After the reaction, the enzyme was removed 
from the solution by an ultrafiltration membrane (a product 
of Millipore) of hydrophilic polyether sulfone with a 
nominal molecular weight cutoff of 10k. The solvent was 
removed by lyophilization to give a depolymerization 
product (27.4 g) . 

The depolymerization product was fractionated by 
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anion exchange chromatography (column: YMC-Pack IEC-AX, 
eluent A: water, B: 0.4M NaCl; linear gradient (30 min), 
detection: UV (232 nm) ) (Compound Examples 1, 2, 3 and 4 
were eluted in this order) to obtain fractions containing 
Compound Examples 1 to 4 . Each fraction was desalted by 
gel filtration (gel: Sephadex G-10, eluent: water), and 
then lyophilized to obtain Compound Nos. 1 to 4 (white 
powder). Yields: Compound Example 1: 1.7 g. Compound 
Example 2 : 5.9 g , Compound Example 3 : 3.4 g , Compound 
Example 4: 2.2 g. Each compound was obtained as a sodium 
salt . 

Compound Examples 1 to 4 are represented by formula 
(20) below where n denotes an integer of 1 to 4, i.e., n is 
1, 2, 3 and 4, respectively. 
Formula (20) 




OH 



HNCOCHs 



The purity of each compound measured by high 
performance liquid chromatography (column: TSKgel DEAE-5PW, 
eluent A: water, B: 0 . 3M NaCl; linear gradient (20 min), 
detection: UV (232 nm) ; area percentage method) was 97% or 
more. For each compound, the uronic acid content analyzed 
by the method of Bitter and Muir (Bitter, T., Muir, H. : 
Anal. Biochem. , 4, 330 (1962)) using glucuronolactone as a 
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standard and the hexosamine content analyzed by the method 
of Boas (without resin treatment; Boas, N. # F.: J. Biol. 
Chem. , 204, 553 (1953).) using glucosamine hydrochloride as 
a standard after hydrolysis at 100°C for 16 hours in 3N 
hydrochloric acid nearly agreed with the theoretical values . 
Example 2 : Compound Production Example 2 

Production of 4 - deoxy -a-L-threo- hexa - 4 - 
enepyranuronosyl- ( 1^3 ) -0-2-acetamide-2-deoxy-|3-D- 
glucopyranosyl- ( 1-M) -3-0-f3-D-glucopyranuronosyl- ( l-*3) -0-2- 
acetamide-2-deoxy-p-D-glucopyranose [ AHexA |3l-*3GlcNAc 
pi->4GlcA pi->3GlcNAc (Compound Example 1)], and 4-deoxy-a- 
L - 1 hr eo - hexa - 4 - enepyr anur ono sy 1 - ( 1— >3 ) -O- 2 - acetamide- 2 - 
deoxy-|3-D-glucopyranosyl- ( l->4 ) -3-O-p-D-glucopyranuronosyl- 
( 1— *3 ) -O- 2 -acetamide- 2- deoxy- p-D-glucopyranosyl- ( 1— >4 ) -3-0- 
(3-D-glucopyranuronosyl- ( 1— >3 ) -O- 2 -acetamide- 2 -deoxy- p-D- 
glucopyranose [AHexA pl-»3GlcNAc pl->4GlcA pl-^3GlcNAc 
pl->4GlcA pi->3GlcNAc (Compound Example 2)] 

A solution of 60 g of sodium hyaluronate (a product 
of KIBUN FOOD CHEMIFA; trade name "Hyaluronic acid FCH" ) 
dissolved in 3L of distilled water was heated to 40°C. The 
solution was adjusted to pH 6.0 with 0.1 M aqueous sodium 
hydroxide solution, and then a hyaluronidase derived from 
Stroptomyces hyalurolyticus (a product of Amano 
Pharmaceutical; trade name "Hyaluronidase "Amano"") was 
added to decrease 1 turbidity unit per mg of sodium 
hyaluronate, and the mixed solution was reacted for 100 
hours at 40°C. After the reaction, the enzyme was removed 
from the solution by an ultrafiltration membrane (a product 



of Millipore) of hydrophilic polyethersulf one with a 
nominal molecular weight cutoff of 10k. The solvent was 
removed by lyophilization to give a depolymerization 
product (53,7 g) . 

The depolymerization product was fractionated by 
anion exchange chromatography (column: TSKgel DEAE-5PW, 
eluent A: water, B: aqueous solution of 0.5M sodium 
acetate; linear gradient (A/B (90/10) -* A/B (60/40); 40 
min) # detection: UV (232 nm) ) (Compound Examples 1 and 2 
were eluted in this order) to obtain fractions containing 
Compound Examples 1 and 2 . Each fraction was lyophilized 
to remove water. Each lyophilized fraction was desalted by 
washing with ethanol to give Compound Examples 1 and 2 
(white powder). Yields: Compound Example 1: 18.1 g. 
Compound Example 2: 29.5 g. Each compound was obtained as 
a sodium salt. 

The purity of each compound measured by high 
performance liquid chromatography (column: TSKgel Amide -80, 
eluent : acetonitrile/water/acetic acid/triethylamine 
(65/35/2/1, v/v) , flow velocity: 1.0 mL/min, column 
temperature: 80°C, detection: UV (232 nm) ; area percentage 
method) was 9 7% or more. The uronic acid content and 
hexosamine content analyzed by the methods shown in Example 
1 nearly agreed with the theoretical values. 
Example 3 : Compound Production Example 3 

Production of 4-deoxy-a-L-threo-hexa-4- 
enepyr anurono sy 1 - ( 1— *3 ) -0-2 -acetamide-2 -deoxy-p-D- 
glucopyranosyl- ( 1— *4 ) -3-O-P-D-glucopyranuronosyl- ( 1— >3 ) -0-2- 
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ace t amide - 2 - deoxy - p - D - glucopyrani t ol [ AHexA (3 1 -* 3GlcNAc 
pl->4GlcA |3l->3GlcNAc OH (Compound Example 5)], and 4-deoxy- 
a - L - 1 hreo - hexa - 4 - enepyr anur ono sy 1 - ( 1— >3 ) -0-2-acetamide-2- 
deoxy-p-D-glucopyranosyl- ( 1^4 ) -3-0-|3-D-glucopyranuronosyl- 
( 1— >3 ) -0-2-acetamide-2-deoxy-(3-D-glucopyranosyl- ( l-*4 ) -3-0- 
P-D-glucopyranuronosyl- ( 1^3) -0-2- ace t amide - 2 - deoxy - (3 - D - 
glucopyranitol [AHexA pl-»3GlcNAc pl^4GlcA pi-*3GlcNAc 
pl-*4GlcA pl^3GlcNAc OH (Compound Example 6)] 

A solution of 50 mg of Compound Example 1 dissolved 
in 50 mL of an aqueous solution of 3 mg/mL sodium 
borohydride was treated for 1 hour at room temperature. 
The reaction was quenched with 5 mL of 6 M acetic acid and 
50 mL of methanol was added, and then the mixture was dried 
on an evaporator. The addition of 50 mL methanol and 
evaporation were further repeated twice. The solid 
remaining after evaporation was dissolved in 5 mL of water 
and the solution was desalted by gel filtration in the same 
manner as in Example 1, and then lyophilized to give 
Compound Example 5 (white powder: 44.7 mg) . 

In the same manner. Compound Example 6 was obtained 
using Compound Example 2 as the starting material. 

Compound Examples 5 and 6 are represented by formula 
(21) where n denotes an integer of 1 to 2 , i.e., n is 1 and 
2 , respectively . 
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Formula (21) 




The purity of each of Compound Nos. 5 and 6 measured 
by the method shown in Example 2 was 98% or higher. The 
uronic acid content and hexosamine content analyzed by the 
5 methods shown in Example 1 nearly agreed with the 
theoretical values. 

Example 4 : Compound Production Example 4 

Production of 4 - de oxy - a - L - t hr eo - hexa - 4 - 
enepyranuronosyl- ( l-*3 ) -0-2 -acetamide- 2-deoxy-p-D- 
lO glucopyranosyl- ( 1-^4 )-3-0-p-D-glucopyranuronic acid [AHexA 
pl-»3GlcNAc pl->4GlcA (Compound Example 7)], and 4-deoxy-a- 
L - 1 hr eo - hexa - 4 - enepyr anur ono sy 1 - ( 1 -> 3 ) - O - 2 - ace t amide -2- 
deoxy-p - D - glucopyranosyl - ( 1^4 ) -3-O-p-D- glucopyr anur onosy 1 - 
( l-*3) -O- 2 -acetamide- 2 -deoxy-p-D- glucopyranosyl- ( 1^4) -3-0- 
15 p-D -glucopyr anur onic acid [AHexA pl->3GlcNAc pi->4GlcA 
pi->3GlcNAc pi-*4GlcA (Compound Example 8)] 

Compound Example 1 was heated in a borate buffer at 
pH 9 in accordance with the method of Reissig et al. 
(Reissig, J., L., Strominger, J. L . , Leloir, L. , F.: J. 
20 Biol. Chem., 217, 959 (1953).). Boric acid in the reaction 
mixture was removed as methyl borate in the same manner as 
in Example 3. The remaining mixture was desalted by gel 
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filtration in the same manner as in Example 1, and then 
lyophilized to obtain Compound Example 7 (white powder) . 
Starting from 50 mg of Compound Example 1, 43.1 mg of 
Compound Example 7 was obtained. 

Similarly, 44.8 mg of Compound Example 8 (white 
powder) was obtained starting from 50 mg of Compound 
Example 2 . 

Compound Examples 7 and 8 are represented by formula 
(22) where n denotes an integer of 0 to 1, i.e., n is 0 and 
1 , respectively . 
Formula (22) 




The purity of each of Compound Examples 7 and 8 
measured by the method shown in Example 2 was 98% or higher. 
The uronic acid content and hexosamine content analyzed by 
the methods shown in Example 1 nearly agreed with the 
theoretical values . 

Example 5: Compound Production Example 5 

Production of 4-deoxy-a-L-threo-hexa-4- 
enepyr anur ono sy 1 - (l-*3)-0-2 - ace t amide - 2 - deoxy -|3-D- 
glucopyranosyl- ( l->4 ) -3-O-p-D-glucopyranuronitol [ AHexA 
pi-»3GlcNAc pl^4GlcA OH (Compound Example 9)], and 4-deoxy- 
a - L - 1 hreo - hexa - 4 - enepyranurono sy 1 - ( l-*3 ) -O- 2- ace t amide- 2- 



deoxy-(3-D-glucopyranosyl- ( l->4 ) -3-0-p-D-glucopyranuronosyl- 
( 1— *3) -0-2-acetamide-2-deoxy-|3-D-glucopyranosyl- ( l->4 ) -3-0- 
|3-D-glucopyranuronitol [AHexA pi->3GlcNAc |3l->4GlcA 
pl-*3GlcNAc pl^4GlcA OH (Compound Example 10)] 

Compound Example 7 was treated in the same manner as 
in Example 3 to give Compound Example 9 (white powder) . 
Starting from 20 mg of Compound Example 7, 15.9 mg of 
Compound Example 9 was obtained. 

Similarly, 17.8 mg of Compound Example 10 (white 
powder) was obtained starting from 20 mg of Compound 
Example 8 . 

Compound Examples 9 and 10 are represented by 
formula (23) where n denotes an integer of 0 to 1, i.e., n 
is 0 and 1, respectively. 
Formula (23) 




COON a 
HNCOCHj OH 



0 

HO 



C.HjOH COONa 

0 J OH 

O^QH /CH,0H 

HNCOCHj OH 




The purity of each of Compound Nos . 9 and 10 
measured by the method shown in Example 2 was 98% or higher. 
The uronic acid content and hexosamine content analyzed by 
the methods shown in Example 1 nearly agreed with the 
theoretical values . 

Example 6 : Sebum production inhibitory effect of compounds 
of formula (1) 
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The method of Hall et al. (Hall, D.W.R., Van den 
Hoven, W.E., Noordzi j-Kamermans , N.J., Jaitly, K.D., Arch. 
Dermatol. Res., 275, 1 (1983)) was followed. Namely, male 
hamster auricular skin tissue sections (3 mm in diameter) 
containing sebaceous glands were cultured for 3 hours in 
Krebs -Ringer phosphate buffer containing radioactively 
labeled sodium acetate, and then tissues were hydrolyzed 
and extracted with hexane. The radioactively labeled fat 
levels in hexane were measured in a liquid scintillation 
counter to determine fat production inhibition levels in 
sebaceous glands. Skin tissues isolated from the right 
auricula were cultured in Krebs -Ringer phosphate buffer 
containing 0.01% or 0.05% of compounds of the present 
invention (Compound Nos. 1-10) (compound systems), while 
skin tissues from the left auricula of the same hamster 
were cultured in Krebs -Ringer phosphate buffer containing 
no compounds of the present invention (control system). 
The sebum production inhibition percentage was calculated 
by the equation below from the test data obtained. 
Sebum production inhibition (%) = 

[(Sebum production level in control system) - 
(Sebum production level in each compound system)] / 
(Sebum production level in control system) x 100 
The results are shown in Table 1. 
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Table 1 



Compound No. Sebum production inhibit ion (%) 

Concentration of compound in the medium (%) 





0.01 


0.05 


1 


15.7 


17.8 


2 


28.6 


50. 1 


3 


48.5 


47.7 


4 


53.4 


51.0 


5 


16.2 


18.1 


6 


30.8 


55.7 


7 


14.2 


15.9 


8 


30.7 


56.6 


9 


13.9 


20.0 


10 


39.8 


55.1 



As shown in Table 1, all of Compound Nos. 1-10 were 
found to significantly inhibit fat production from skin 
tissue sections containing sebaceous glands and therefore 
have an excellent sebum production inhibitory effect. 
Example 7 : Acute toxicity of compounds of the present 
invention 

Representative examples of compounds of the present 
invention (Compound Nos. 1-10) were tested for acute 
toxicity on rats (body weight 300-400 g, Wistar, male) to 
show LD 50 of 500 mg/kg or more. 

Example 8: Preparation example of formulations and 
cosmetics 

Preparation of tablet 1 
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Compound Example 1 10 g 

Polyethylene glycol 6000 10 g 

Sodium lauryl sulfate 1.5 g 

Corn starch 3 g 

Lactose 25 g 

Magnesium stearate 0.5 g 



The above ingredients are weighed. Polyethylene 
glycol 6000 is heated to 70 to 80°C, and mixed with 
Compound Example 1 # sodium lauryl sulfate, corn starch, and 
lactose, followed by cooling. The solidified mixture is 
granulated by means of a grinder to obtain granules . The 
granules are mixed with magnesium stearate, and then 
compressed into tablets with a weight of 250 mg. 
Pre paration of tablet 2 



Compound Example 2 30 g 

Lactose 55 g 

Potato starch 12 g 

Polyvinyl alcohol 1.5 g 

Magnesium stearate 1.5 g 



The above ingredients are weighed. Compound Example 
2, lactose and potato starch are uniformly mixed. An 
aqueous solution of polyvinyl alcohol is added to the 
mixture, and the mixed solution is wet granulated. The 
resulting granules are dried and mixed with magnesium 
stearate. Then, the mixture is compressed into tablets 
with a weight of 200 mg. 
Preparation of capsule 

Compound Example 3 10 g 
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Lactose 25 g 

Corn starch 5 g 

Microcrystalline cellulose 9.5 g 

Magnesium stearate 0.5 g 

The above ingredients are weighed. The four 
ingredients except magnesium stearate are uniformly mixed. 
Magnesium stearate is added, and then the ingredients are 
further mixed for several minutes. The mixture is filled 
into No. 1 hard capsule shells in an amount of 200 
mg/capsule to form capsules. 
Preparation of powder 

Compound Example 4 20 g 

Lactose 79 g 

Magnesium stearate 1 g 

The above ingredients are weighed. All the 
ingredients are uniformly mixed to form a 20% powder. 
Preparation of suppository 
Compound Example 5 10 g 

Polyethylene glycol 1500 18 g 

Polyethylene glycol 4000 72 g 

Compound Example 2 is thoroughly ground in a mortar 
to form a fine powder, and made into a 1 g rectal 
suppository by a melting method. 
Preparation of injection 

Compound Example 6 0 . 1 g 

Sodium chloride 0.9 g 

Sodium hydroxide Suitable amount 

Water for injection 100 mL 

- 30 - 



The above ingredients are weighed. The three 
ingredients are dissolved in water for injection, and the 
solution is sterilized by filtration. Then, the solution 
is dispensed into 10 mL ampoules in an amount of 5 mL per 
ampoule. The ampoule is heat sealed to form an injection. 
Preparation of cream 

Compound Example 7 5 g 

Cetostearyl alcohol 3.5 g 

2-Octyldodecyl alcohol 3 g 

Squalane 40 g 

Beeswax 3 g 

Reduced lanolin 5 g 

Ethylparaben 0.3 g 

Polyoxyethylene (20) sorbitan monopalmitate ester 

2 g 

Monoglyceride stearate 2 g 

Perfume 0.03 g 

1,3-Butylene glycol 5 g 

Glycerin 5 g 

Purified water 26.2 g 

The above ingredients are weighed and formulated 
into a cream by a standard procedure. 
Pr e paration of em ul sio n 

Compound Example 8 1 g 

Liquid paraffin 5 g 

Stearic acid 1.5 g 

Cetyl alcohol 0.5 g 

Beeswax 2 g 



Isopropyl myristate 3 g 

Polyoxy ethylene (10) monooleate ester 1 g 

Glyceryl monostearate ester 1 g 

Propylene glycol 5 g 

Ethanol 3 g 

Ethylparaben 0.3 g 

Perfume 0.03 g 

Purified water 76.7 g 

The above ingredients are weighed and formulated 
into an emulsion by a standard procedure. 
Preparation of ointment 

Compound Example 9 0 . 1 g 

Stearyl alcohol 15 g 

Japan wax 20 g 

Polyoxyethylene (10) monooleate ester 0.25 g 

Glyceryl monostearate ester 0.25 g 

Vaseline 40 g 

Purified water 24.4 g 



The above ingredients are weighed and formulated 
into an ointment by a standard procedure. 
Prepara tion of pack 
Compound Example 10 
Polyvinyl alcohol 
Dipropylene glycol 
Polyethylene glycol 
Ethanol 
Methylparaben 
Perfume 
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7 g 
15 g 
5 g 
3 g 
10 g 
0.05 g 
0.05 g 



Purified water 59.9 g 

The above ingredients are weighed and formulated 
into a pack by a standard procedure. 
Pr eparation of pressed powder 

Compound Example 2 1 g 

Talc 85.4 g 

Stearic acid 1.5 g 

Lanolin 5 g 

Squalane 5 g 

Sorbitan sesquioleate ester 2 g 

Triethanolamine 1 g 

Pigment q.s. 

Perfume q.s. 

The above ingredients are weighed and formulated 
into a pressed powder by a standard procedure. 
Preparation of hair tonic 

Compound Example 3 1 g 

Ethanol 55 g 

Nikkol HCO-60 1 g 

Perfume q.s. 

Purified water 42 g 

Glycerin 1 g 

Dye q.s. 

The above ingredients are weighed and formulated 
into a hair tonic by a standard procedure. 
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